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{54} A voltage controlled oscillator circuit 




{57} The invention relates to a method for tuning the 


and a digital/analog convener (6). By using the inven- 


frequency, particularly tne medium frequency, of a volt- 


tion, it is also possible to compensate for frequency drift 


age controlled oscillator (VCO). The medium frequency 


of the VCOcircuit due to the temperature without having 


of a VGO is tuned fay controlling the voltage by means 


to measure the temperature sep&fatety. The method is 


of a mteroprocessoi (2) an anaiog/digitai converter (7) 


applied favourably in different types of mobile tele- 




phones. 
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Description 

This invention relates io a circuit and method iot 
controlling the output frequency of a voltage controlled 
oscillator, and panicuSsriy but not exclusively for use in 

in generating frequency signals in radiotelephones: 

If I ,1 ll< - r 1 

ng » t ' 1 i >c is u { esent 
These frequency signals ;-ir e. for example, the frequen- 
cies o! the local osctliatoi ot the .receiver and the trans- 
mittes signal. Fig. i shows a typical block diagram of a 
ftequen ; synthesu'e ot a a lit epl i isa 
example In iho block diagram, an integrated synthesiz- 
er circuit (Synth IC) which is roaiked with the reference 
number 3 includes i t ' 1 c nda? iase com- 

parator to allow respective output frequencies io be re- 
alised, i 

A temperature compensated crystal-driven osctlia- 
toi 1 (Tt Sir ~m <- - - n ^ - , || i, i j id, 

ing a reference ircquency fret fo which an output of a 
frequency sys e er, defmec ih so < ncy signal 
lose, is locked A microprocessor 2 {pP) which in this 
case e aisoc -ritii >g itl ier functions of a mobile tele- 
phone, is responsible for generating respective dividing 
numt c fr i' if i i r ne channel, and the 
microprocessor feeds the dividing numbers along a data 
bus to an IC-citcuit 3. A synthesizer circuit, which is a 
compauson circuit, compares tan output frequency lose 
divided by the first dividing number with the reference 
iieaeency i ;ef divided by the second dividing number 
arid generates a control signal se as a result of the com- 
parison. The output of the synthesizer circuit 3, that is 
the control signal so, is conducted via a low pass filter 
4 to a voltage controlled oscillator 5 (VCO). The output 
sign i I m , i ii lit - i ' me time the 
cutout Pequency ot the hecurcney synthesizer cir- 
cuit. Ttn r ot starred io the IC- 
ci« uit -i is a ieedba k s wn in Fig. 1 

When lose • ,v O / kV ~' n h l~ I >t 'V 

frequency output from the pharao locked loop is not the 
desired frequency, the phase in* i bah- m fos 
and the desired frequency {-^2} will vary with Urns ($e 

(0). 

I he filler e ignal S'e(t) n >ugh th< 

filter 4 forces the VCO to change frequency in the dace 
lion ft 

quency and the divider output frequency Art hie two he 
pencil typically arrai >t < 1 << 

She two i < ies toDccon q which point the 
s g af S'e(t)ten sic i i 1 o si represen 

afive of a constant phase difference between the output 
and input signals The constant voffaqe is at the level 
requhed to cmve ihe VCO at the desired hequeaey 

The sett coirectsng ability of the phase iceked loop 
(PLL) aiiows it to track frequency changes in the VCO 
output mat reset; from for example, component operat- 
ing parameters that vary with temperature The range 



of frequencies over which the PLL can remain locked to 
an input signal is know as its 'lock range' it's 'capture 
range' which is lei than the lock rang * 
Ot frequencies over which the loop can achieve a lock 
s to a particular frequency 

In a voltage controlled cscstfator circuit 5 of the type 
shown in Fig. 1 , usually some kind of method for tuning 

loot o : component tolerances in allowing the lock and 

to capture ranges to diffet Horn those requited for the VCO. 
; Mechanical means such as trimmer capacitors and 
modifying the mechanical dimensions of the resonator 
are known as well as electrical moans, tor example, in- 
volving tuning methods based on using capacitance or 

rs p-i-n diodes Incases tike these, the tuning most be ac- 
complished either by the component manufacturer, tor 
cxampie. by using VCO module manufacture! When an 
electrical device, for example a mobile telephone, is 
equipped with a VCO which is made in telephone p«> 

20 duction from discrete components, tuning is best ac- 
complished duung the final test piooedute Mechanical 
tuning is known fo be awkward and time consuming. 

One efecli ical tuning method is known, lor example, 
from US-patent 4,810,9,74. In it, an analog/digital con- 

ss verter is used to correct for drift in a VCO Circuit. How- 

or mid frequency of the VCO. in addition, in the above 
mentioned US-paten!, a feedback loop is not closed in 
actual terms bus the frequency is corrected and com- 
ae pensated periodically by feedback assessment of data. 
In accordance with fhe present invention there is 
provided a circuit foi controlling the output frequency of 
a voltage controlled oscillator, comprising means for 
providing a reference frequency; means for comparing 
3$ Ihe output of a voltage controlled oscillator with the out- 
put of the means for providing a reference frequency 
and providing a first cent sol signal indicative of a differ- 
ence therebetween: a processor operable fo provide a 
s =cor din ii 1 I i i for combining sh i 
■'*o- and second control signals fo provide a combined con- 
trol signal, ihe output frequency ot the voltage controlled 
oscillator being reooonsivo to the combined control sig- 

i , I q - ' O mo i4 « I 'ii o if ,^u'i)t 
the second control signal for regulating the value of the 
first control signal 

Of her favourable embodiments have been present- 
ed in non-independent patent claims. 

By providing a combined control signal to the volt- 
age controlled oscillator, the value or level of the first 
s-c control signal can be regulated by ihe level ot the second 
control signal Ths allows the absolute voltage level of 
t, r. isf eonfiol e g alto be r tin - rt w hi i ft-' 
mined limits. The predetermined limits can be chosen 
to coincide with the maximum and minimum dc voltages 
$$ supptiabte to the circuit 

Toe c;mui; is preferably adaptable to allow respec- 
tive output frequencies to be provided. This allows the 
circuit to be used in, for example, a radio telephone that 
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Operates at respective transmit and receive frequen- 
cies it is also utilisabie for a radio telephone operable 
at respective transmit frequencies end respective re- 
ceive frequencies 

One problem with circuits for controliing the output 
frequency of 3 voltage controlled oscillator is teat in 3 
feed back circuit, the range of values necessary for the 
contioi signal to capture a predetermined voltage con- 
« i has thai re 

i u m to i tee s led cs.cl!;,a;< a 

particular frequency once lock has been achieved. The 
eang t vc age levels squired to ipture ihe volt g« 
controlled oscillator at a particular orsput irequency is 
termed a tuning 'window' or the capture range' of the 
voltage controlled oscillator. The second contioi signal 
of the present invention is arranged to ensure thecom- 
biner v r > c signal is capable of adopting the range of 

luie value ge of out 

put frequencies, the circuit may need to adopt under the 
conditions, eg temperature, iikeiy to be encountered. 

By providinga second control signal, the first control 
signal is able to carry time dependent information on the 
phasediffrr nei eoi c i - i irencyand 

the desin l i m i 1 1 f I > 1 k 

in frequency of the two signals for locking the voltage 
u l> J ' 1 tot -1 ' u fruence frequency, 
r he second control signal is able to provide a dc voltage 
level for maintaining too absolute value of the first con- 
trol signal between roproducable levels. 

The second centre! signal is preferably provided 
such that the first control signal is maintained substan- 
tially in the middle of Its allowable limits for a output fre- 
quency thai falls lowaros trie use ranee of frequencies 
to be supplied by fhe circuit. 

The second control signal may be responsive to the 
desired frequency of operation of fhe voltage controlled 
oscillator as well as fhe level of the firs; control signal 
This aitews the range of values of ihefnsl control signal 
tc bi :gi ated k n uipai t cquenc 1 lay under 
some 1 cutTis rn< es lee da » it h - m, r -1 

control signal substantially in the middle of its as-cwable 
range for each desired ouipui frequency ol ihe circuit 
Otherwise for each output frequency, the allowable 
range of values for the first control signal could be reg- 
ulated to ensure it does not need to exceed its limits tor 
capture lor the desired output frequencies at the ex- 
tremes of operation. 

In accordance with a second aspect of ihe invention 
it e ts [ h f a method U rr 2 Irequenc 

of a voltage controlled oscillator (5) m a phase-docked 

! s 1 parisou circuit - rone 

irequency (fret) and an output irequency eosc) of the 
votings controlled oscillator (5) and dividing numbers 
from the control circuit (2) ai which fhe comparison cir- 
cuit ;3) compares the output frequency divided by the 
fits) dividing number to the reference frequency divided 
by the second dividing number and as a result of the 
comparison tones 3 control signal tsei which through 



filtering (4) controls the voitage controlled oscillator (5) 
tc form a deseed output irequency (fosc), characterised 
in that dividing numbers corresponding fo a desired out - 
put irequency (iosc ) are fed to a comparison circuit (3), 

s the value ol the control voltage fst) is measured tc 
which proportional correction data is recorded into She 
memory of a control circuit (2), from fhe memory, the 
re 1 t fowl <. 1 action 

signat (§2) is used tor controlling .a voltage controlled 

10 1 oscillator (5} in such a way that the control signal fse) 
settles essentially at a constant value. 

The output frequency of a voltage controlled oscil- 
lator is controlled in accordance with one embodiment 
of the invention in such a way thai dividing numbers cor- 

« responding to the desired output frequency are fed to a 
comparison circuit. Tee value ol fhe control voltage is 
measured and proportional correction data is recorded 
into the memory of the control circuit The correction da- 
ta is then read from ihe memory: and a correction signal 

•?■:> ti l t for controliing 

the voltage controlled oscillator in such a way thai Ihe 
control signal tends to settle essentially at a desired con- 
stant value. This desired constant value is pieteiably m 
she middle of the control range of the control signal, in 

25 a preferred embodiment, the method is used for tuning 
the medium frequency do' tag; roiled oscillator 
and can be carried out during osciilator manufacturing 
or preferably during final oscillator testing. 

so addition to tuning the medium frequency, to compensate 

peralure change. The variation in component values is 
defected by a change in the voitage rating of fhe contioi 
signal, in this case, a second correction data is tranc- 
es ferreb into the memory of the control circuit, favourably 
onty if its absolute value exceeds the predetermined 
threshold value Thereafter, a sum of the first correction 
data and the second correction data is generated in the 
control circuit, and a correction signal proportional to this 
•to sum is used fci nirolling I e rlrolfed OSCil- 

ior In v Ui t in •> qu ,r , a i<! < om 

c n a 1 ► u nql 

same circuit arrangement. In this case, one does not 
need to measure fhe actual value of temperature and 
46 there ts no- need to use temperature dependent compo- 
nents to cancel temperature drift. 

Embot nt tie 'eniic e fa urably ap- 
plied to a radio or mobile telephone. 

in accordance with fhe invention, the medium fre- 
so quency of the VCO is tuned by controlling fhe voltage 
by means of a microprocessor, an analog/digital con- 
verier and a digital/analog converter information con- 
cerning the value of fhe control voltage of a p.nase- 
toekedtoop is conducted via an analog/digital converter 
ss to the microprocessor responsible for tuning the medi- 
um frequency. In this way, it is possible fo achieve a 
r tely autor c and pi rammabl rning which 
is contrasted by a program which can do included in trie 
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i & ee c 

example, a mobile telephone A further advantage is she 
feci that microprocessor circuits in present-day mobile 
already : < ilk , n ■! do i - 1 - i ii n i 
afog converters which can bo utilized -.n ihe invention 

Embodiments of the invention can be applied, in ad- 
dition to the inning o; ihe medium frequency, for other 
compensations as well for example, in compensating 
for frequency drift ci the VCO caused ay a temperature 
change, as was mentioned earlier. As a favourable ad- 
dilioned feature of the invention, a significant saving in 
power use of a niobiie telephone is gamed since the val- 
ue ot commit voltage of inn VCO control car; be kepi nea; 
constant independent of ihe selected channel. In this 
case the necessary voltage range can be minimized 
and (bus ihe number of bribery celts which are the power 
source of tbo device can be minimized. 

The invention is explained in ihe following by refer- 
ring to the attached Fig. 2 whi sh< > embod i I 
f i i |.f J i i ii i j il 

telephone 

Compared with the osc - rcusi tO hown iFig 
1, in the circuit 100 in Fig. 2 a connection has been 
formed from the output of a low pass filter 4 to a micro- 
processor 2 via - nvertei 7 In addi- 
tion a VCO 5 is controlled by the micr oprocessor 2 via 
a digital/analog converter 8. The control voltage range 
which is available for the oscillator circuit 100 is deter- 
mined by the value of the supply voltage VB in use. The 
connection ot the supply voltage VB and the ground po- 
tential GND of ihe circuit has only been presented in the 

tarn aj I o in the art If, lor example, the 

value ot ihe supply voltage VB which is conducted to a 
synthesizer circuit 3 is 4.5 V, the range of the control 
voltage available to the synthesize* ciicuit could be be- 
tween 1.0 . . 3.3 V in which case the lower limit "I C V 
corresponds to the lower channel of a mobile telephone 
and the upper limit 3.3 V to the uppe; channet A certain 
tolerance, in this case 1 ... 1.2 V must be left between 
e I ?g v'B i he upper iim ;n - r i _ 
other hand, between the ground potential and Ihe tower 
tin-it to permit for either excess voltage occurring in con- 

ble temperature drift. With the voltage values presented 
herein ii would be sensible to set 2.15 V as a voltage 
value of Ihe mensem channel. When a small tolerance 
is allowed So the targe! value of the control voltage of 
it. it 1 1 1 r h It r t 

tolerance limits 2.1 ... 2.2 V. In tuning the medium fre- 
quency, the synthesizer would be sal io ihe medium 

(I Id 

er 7, ihe voltage value s i at the output ot the iow pass 
filler 4 would be compaied to the large: value at the mi- 
croprocessor 2 after which the microprocessor would 
generate an output signal s2 via a digital/analog con- 
vener 6 for controlling the output frequency fose of the 



voltage controlled oscillator 5. 

in addition to the previously mentioned tuning ci the 
medium frequency, the arrangement according to the in- 
vention shown in Fig. 2 can be applied in compensating 
s for variation in output frequency of an osciiiatoi caused 
by a temperature change, in the usual cases, a phase- 1 

eked I i - 5 itself corrects for small temper 
changes bet this wiil result in a change lit the control 
voltage value. For example, in the lower channel and 
to higherchannel of the frequency band the change in con- 
trol voftage value se may be excessive which means it 

-I mi- ^ i ii-, i i i i i h v ii ui, n a 

ootdrmce with ihe invention can be utilized to prevent 
this as will be explained in the following 
is The chanced output frequency lose controls the 
synthesiser 3 and its output voftage se which is filtered 
i u <. ic ml < ir r nit. I or s m u 7 io a 
microprocessor 2. The microprocessor, after reading 
a age lue which is proportions} te Ihe 

20 output frequency compares it with its set value sine! gen- 
erates a correction, either upwards or downwards, and 
this cooection. added to a control signal, is conducted 
via a digital/analog converter 8 to an oscillator VCO 5, 
This feedback loop corrects the output frequency fosc 

time, the control voltage of the oscillator is conected 
within normal limits. It should be noted that one does not 
need at any stage Io send the actual temperature value 
to the control circuit but the relevant control data is ob- 
39 tatned from the change in the control voltage of the os- 
cillator indicated on (he anaiog/digrtal converter 7. 

Temperature change affects the frequency of oscil- 
lation. Whan the phase difference is locked, the output 
frequency ot the circuit keeps constant but ihe control- 
as ling DC-voltage signal s1 1 to con eel forte mper 
ature doit m the frequency ot the VCO. This change in 
si can be a problem in low battery voltage equipment 
when only a limited voltage range is available. So the; 
pF mads signal si periodically ana if the A/0 converted 
signal drifts outside a predetermined window for a spe- 
cific output frequency, the gp can return that signal level 
back to prefened range by varying signal s2 which pro- 
vides an additional DC-voltage for controlling the fre- 
j it' e analog dc voltagt 
is formed with the aid of the D/A-convener 5. Once the 
uP 2 has determined thai si has dt if ted outside its de- 

i ,i g ' ^ > j i / r _ i • 
from A-'I) 7. s2 ;s changed m a sequental manner by pP 
jstnc il - 1 ' which are tm tec . voUage I 
so ues by D/A 6 until si has adopted its preferred value. 
Other compensation techniques could be employed So 
van sS nsou i tamed I iesired win- 

dow. This window come be minted to ihe ouicu I frequen- 
cy or could be substantially contstant irrespective ot the 
5« output frequency to further reduce tbe required voltage 
range tor se. 

As was mentioned in the general part, aim in radio 
el tee is to minim^e the numb r 1 > 
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used m portable mobile telephones and thus reduce !hc 
weight and size of the device. This leads to a reduction 
in the supply voltage. Since saving power is also one of 
the main o&jectsves in mobile telephone business, the 
aim is to have a so-called stacking connection where $ 
ij i' < l - c ' < i -< m t , ge avaiia- 

tf < ' i ' y I < t ' ll', I I* 1 I c 1 1 c nt 

shown in Fig. 2 the circuits could he stacked in which 
case, for example, She synthesizer IC must operate on 
a very '■>" > f l - ' r <- "n=r l . v , <, pi - ml- m 
with the help ol ihe invention since VCO control which 
i m, j i ii I i I i i < I \ i 
.maintain She control voltage oi (he VCO fhat is the volt- 
age of the synthesizer circuit 3 filtered through the low 
pass Wter 4 so that it is almost constant independent of »* 
which channel is selected for use in the mobile tele- 
phone. I iscas dnfrol voltage is me " o\ 
an analog/digital converter? and the correction needed 
for the i ii voir i r r ' , n nalo 
converter 6 to an oscillator 5 as was previously ex- 20 
plained, in which case trie coniro! voltage need not be 
ooanged even though the channel is changed Thus ah 

s H t <. i t - r t- 5 i I i i 

included in the synfhesiz.er IC 3 and also for the whole 
synthesizer IC can be minimized so that the voltage s& 
range nonetheless covers the voltage range needed fo 
maintain She phase lock. 

The present invention includes any novel feature or 
Combination of features disclosed herein either explicitly 
or any generalisation thereof irrespective of whether or A? 
not it relates to the claimed invention or mitigates any 
or ati of the problems addressed 

in view of the k egotn; crt on is wilS be evident 
to a person skilled in the art that various modifications 
may be made wish. in the scope of the invention. ds 



A circuit according to clam 
comprises means for aliowln 
to adopt a range of voltage 



1 wherein the circuit 



ver limits und 1 k ' 

the output oi she voltage controlled oscillator has a 
predetermined frequency. 

A circuit according to any preceding claim wherein 
; hs voltage controlled oscillator is operable to pro- 
vide respective predetermined output frequencies 
and the value of the second control signal is variable 
• such that the value of the first control signal is main- 
tained within respective limits for each of the re- 
spective predetermined output frequencies 

A circuit according to any preceding claim wherein 
the value of the first control signal is monitored by 
the processor and wherein the second control sig- 
nal provided by !he processor is responsive to the 
value of the first control signal. 

A circuit according to any preceding claim wherein 
the processor is operable to determine Ihe output 
frequency o 1 the circuit and wherein the second 
control signal comprises a fixed component for 
compensating for an offset between the desired val- 
ue of the first control signal for a predetermined out- 
put frequency and the actual value thereof: under 
predetermined conditions, and a variable compo- 
nent dependent on the value of the test control sig- 
nal and ihe output frequency of the circuit. 



A Circuit aceo'Cino !o claim f. wherein the variable 
component Is determined as a result of a sequential 
adjustment to the fixed component until ihe firs! 
control signal adopts a predetermined value for 



providing a firs 



; reference frequency and 
si signal indicative of a dit- 



a processor operable to provide a second con- 
trol signal, and 

means lor combining the- first and second con- 
i v . ,i io p>j( . r < < ntiot sig- 
nal, She output frequency of she voltage control- 
led oscillator being responsive to the combined 
control signal: 

iho processor being operable to control the vat 
ue of the second control signal for regulating 
the value of the first conlrol signal. 



according fo any preceding claim wherein 
c of the signal is read as an analogue signal 
converted into .a digital signal m an ana- 



the processor provides a digrfai signal for providing 
the second control signal which is converted fo art 
n ii ) ' 1 1 h 1 ' ' i <> ili i c nt ol 
signal in a digital to analogue converter. 

9. A radio telephone fo oj 

determined frequencies comprising a circuit ac- 
cording to any preceding claim 

t'O. A radio telephone according to claim 9 wherein the 
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diotelep prisrnganai aloe to 

digjta convei s anc 1 t j i e conve er 

and wherein and the analogue to digital :. conver- 
sions of the first control signal and the digital so an- 
alogue conversion ol foe second control signal oc- s 
cur respectively in the analogue fo digital and digital 

anal e convert* ie raaic lets c ie 

11. A method ten controlling ins frequency of a voitage 
conir i i lase-tocked loop in 19 
which a comparison circuit S3) is led a reference fre- 
quency {frst; and an output frequency (<osc) ot the 
voltage controlled oscillator (5) nod dividing num- 

bei s iron, the conttot circuit (?) at which the com- 
parison circuit {3} compares, the output frequency is 
divided by the first dividing number to the reference 
frequency divided by the second dividing number 
and as a result of She comparison forms a control 
signal (se) which through tistering (4) controls the 
voltage controlled oscillator (5) to form a desired 30 
output frequency pose), characterised to that 

dividing numbers corresponding to a. desired 
output frequency (rose) are fed toe comparison 
Circuit (3), 2$ 

the value of the control voltage (s1) is meas- 
ured io which proportional correction data is re- 
corded into the memory of a control circuit {2}. 
from the memory, the cor roc! ion data is read to 
which a proportional correction signal («2) is so 
used for controlling a voltage controlled oscil- 
lator (5) in such a way that the control signal 
fee) settles essentially ?tl a constant value 

12. A mobile telephone according to a patent claim 11 , 35 
characterised tn that m connection with final testing 

of the manufat t s k a , ect) i; ta correspond- 
ing to eacfr channel is recorded into She memory of 
the control circuit (2) ot the mobile telephone so that 
the correction data (s2) can be extracted from the 40 
memory and corresponds id the selected channel 
ana this arranges that the output frequency (fosc) 
of She voltage controlled oscillator is set so that the 
control signal ise) stays essenl lairy in iho middle of 
the control range. 45 

13. A method lor controlling a circuit for controlling the 
output frequency ot a voltage controlled oscillator, 
comprising the steps of 

se 

-> v. i , enqr i- 

comparing the output of a voltage controlled os- 
cillato! with the reference frequency and pro- 
viding a fust control signal indicative of a differ- 
ence therebetween: s& 
providing a second control signal: and 
combining the first and second control signals 
to provide a combined control signal the output 



frequency ot fire vottage controlled oscillator 
being responsive to fhe combined control sig- 
nal: 

the value of the seco d con 

controlled such that iho value of the first control 

signal is regulated. , 
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